Introduction
Mediastinal and subcutaneous emphysema usually result from spontaneous rupture of the alveolar wall [1] . These symptoms, following colonic perforation, are unusual, and massive mediastinal emphysema is extremely rare without a preceding endoscopic procedure [2] [3] [4] [5] . Most symptoms of colonic perforation are due to abscesses or peritonitis [6] . However, it is difficult to diagnose retroperitoneal penetration of the colon and rectum because of the lack of typical symptoms [7, 8] . Furthermore, delayed diagnosis and treatment could result in high morbidity and mortality [6] . We present a rare case of colonic penetration with massive retroperitoneal, mediastinal, and subcutaneous emphysema. This report has been made according to the SCARE criteria [9] . * Corresponding author at: Department of Acute Care Surgery, Shimane University, Faculty of Medicine, 89-1 Enya-cho, Izumo-City, Shimane 693-8501, Japan.
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Presentation of case
A 57-year-old man presented to our institution with a history of chest pain of a few days. The patient's medical history included malignant rheumatoid arthritis while using steroids and an immunosuppressive agent. Because of interstitial pneumonia, he had been inhaling oxygen (3 L/min) at home. One year prior, the patient experienced mediastinal emphysema due to pneumothorax and was cured via nonoperative management. Vital signs were stable. Snowball crepitations were noted on the chest and neck. The abdomen was not distended, and there was no abdominal pain or sign of peritoneal irritation. A recurrence of pneumothorax was suspected, and chest radiography was performed, which revealed subcutaneous emphysema of the neck, mediastinal emphysema, and subdiaphragmatic free air ( Fig. 1 ). Computed tomography (CT) of the neck, thorax, and abdomen was performed to rule out gastrointestinal perforation. This showed extensive retroperitoneal and mediastinal emphysema, including emphysema of the sigmoid colon mesentery ( Fig. 2a-d was detected. Laboratory tests revealed increased white blood cell count (11,240/L) and an elevated C-reactive protein level (17.85 mg/dL). A perforation in the mesentery due to sigmoid colon diverticulitis was strongly suspected. Diagnostic laparoscopy was performed under general anesthesia, and it revealed that the perforation was in the sigmoid mesentery ( Fig. 3a-c ). Segmental resection of the sigmoid colon and end-colostomy (Hartmann's procedure) was performed via open laparotomy. Macroscopy of the surgical specimen revealed that the diverticulum was communicating with the outside of the mesentery without signs of malignancy, thus, it was diagnosed as a diverticular penetration (Fig. 4) . The subcutaneous and mediastinal emphysema disappeared a few days after the surgery, and the patient was transferred from the intensive care unit to the general ward on the postoperative day 3.
Discussion
Colonic perforation is most often due to diverticulitis, neoplasm, and iatrogenic and traumatic mechanisms. Colonic diverticulosis is common in the developed world, affecting up to 50% of adults in Western countries [10] . Among patients with colonic diverticulosis, approximately 20% may develop diverticulitis due to infection and inflammation of the diverticula [11] . Perforation of diverticulitis is one of the most serious complications and requires an urgent operation. In some previous reports, colonic perforation resulted in a free hole occurring on the opposite side of the mesentery [12, 13] . In cases of free perforation, clinical features include massive free air on CT and signs of peritoneal irritation; thus, it is easy to diagnose this early. However, spontaneous mediastinal and subcutaneous emphysema commonly occur when increased intra-alveolar pressure such as from asthma, cough, or mechanical ventilation leads to the rupture of marginal pulmonary alveoli. In particular, massive mediastinal emphysema in colonic perforation is an unusual complication, which is extremely rare without a preceding endoscopic procedure [2] [3] [4] [5] . To the best of our knowledge, in the English literature, only 20 cases of mediastinal emphysema following colonic perforation, excluding iatrogenic and traumatic injury, have been reported ( Table 1) .
All cases involved perforation into the retroperitoneal or intramesenteric space. The most common cause of subcutaneous and mediastinal emphysema of colonic origin was diverticulitis (13 cases) [2] [3] [4] [5] 7, [14] [15] [16] [17] [18] [19] . Our case also showed a wide range of emphysema from the mesentery to the retroperitoneum, mediastinum, and subcutaneous tissue. The pressure gradient between the gastrointestinal lumen and the retroperitoneal and subcutaneous tissue is the mechanism by which colonic perforation presents extensive subcutaneous and mediastinal emphysema. The retroperitoneal cavity is divided into three large areas and small parts; the three areas are the anterior pararenal space, the perirenal space, and the posterior pararenal space [20] . The anterior pararenal space is continuous with the mesentery, the small intestine, and the colon, and the head side of the posterior pararenal space is linked to the diaphragm, continuing to the mediastinum [20] [21] [22] . Quigley et al. reported that gastrointestinal tract pressure would be as high as 60 mmH 2 O in its natural state, and that gas would spread from the mesentery to the retroperitoneal space beyond the diaphragm [23] . Depending on the location of the perforation, signs of peritoneal irritation may be evident, but they can be hidden in cases of retroperitoneal colonic perforation. Colonic gas may spread via various anatomical pathways when perforation of the colon occurs in the retroperitoneum; thus, diverse atypical clinical symptoms may be present [24] . The atypical manifestation of a retroperitoneal colonic perforation can cause difficulties in making a diagnosis [2] [3] [4] [5] 24] . Additionally, in patients receiving steroid administration, abdominal signs are generally poor. Particularly, in patients receiving prednisone at 20 mg/day or more, clinical symptoms may not be noticeable even in cases of peritonitis resulting from a perforation and an abscess [25] . Remine et al. reported a colonic perforation due to steroid administration. They found that the mortality rate of patients who were receiving a dose of 20 mg/day or less was 13.3%, while that of those who were receiving a dose of 20 mg/day or more was 85.1% [26] . In our case, high-dose prednisolone therapy had been administered twice to treat malignant rheumatoid arthritis, and an average of 22.5 mg of prednisolone was administered. We carefully conducted a physical examination, but we did not identify any spontaneous pain in the abdomen or symptom of peritoneal irritation. In the 20 cases presented in Table 1 (including our own case), steroids and immunosuppressive agents were administered; symptoms could have been masked. Moreover, the duration from the onset of symptoms to the initiation of therapy was relatively long (Table 1) ; the emphysema may have widely spread.
Diagnosis in a patient with covert symptoms can be challenging for surgeons; thus, delayed diagnosis may be occurred especially in the absence of peritoneal signs and abdominal pain due to both steroid use and intramesenteric perforation. A CT scan in stable patients can be useful to detect direct evidence of colonic perforation and penetration, such as retroperitoneal and mesenteric emphysema. Finally, we suspected that the retroperitoneal and mediastinal emphysema may be from the thorax. The proportion of retroperitoneal emphysema due to intrathoracic factors was only 3.5%, which is relatively rare. In our case, judging that the mediastinal emphysema was due to the penetration of the colonic diverticulitis might be valid from two standpoints: the colonic penetration was obvious from the CT scan and there was no evidence of pneumothorax. The fact that the emphysema from the colon expanded to the mediastinum is suggestive of mediastinal infection, and delay in surgical treatment should increase the risk of developing mediastinitis. Therefore, laparotomy should be performed immediately in cases of colonic penetration of diverticulitis, where the emphysema expands to the mediastinum extensively.
Conclusions
Massive mediastinal and retroperitoneal emphysema may be rare signs of colonic perforation. Despite the presence of colonic penetration, the diagnosis may be delayed due to the absence of peritoneal irritation. Emergency laparotomy, including diagnostic laparoscopy, should be considered in cases of colonic penetration of diverticulitis, where the emphysema expands to the mediastinum extensively.
